Abstract: Both healthy aging and dementia cause problems with emotion perception, and the impairment is generally greater for specific emotions (anger, sadness and fear). Most studies to date have focused on static facial photographs of emotions. The current study investigated the effects of healthy aging and Alzheimer's disease (AD) on the ability to decode emotions from bodily motion displayed by point light stimuli. Response biases were controlled to investigate whether these influenced the specificity of impairment in perceiving individual emotions. Study 1 compared healthy young and older adults, and Study 2 people with AD and age-matched controls, on an emotion perception task using point light stimuli. Accuracy and the pattern of errors were investigated. Specific age-related impairments were found in labeling sadness, anger and fear from point light displays. Response biases were also found, and controlling for these biases indicated that older adults were worse at labeling all emotions. People with AD were less accurate than healthy older controls at labeling fear, anger and sadness. After controlling for response biases, AD caused impairment in perceiving all emotions. These results indicate a general age-related impairment in decoding emotions from bodily motion, and a further impairment in this skill in AD. Apparent specificity of deficits in emotion labeling tasks needs to be interpreted cautiously, and correction for response bias should be considered. Problems perceiving emotion cues from biological motion might impair social interaction in older adults, particularly those with dementia.
counterparts [1] . Perception of emotions is even more impaired in older people who have dementia, including Alzheimer's disease [2] . Understanding the nature of these difficulties is important because emotion perception predicts quality of life in both healthy older adults and those with AD [3] . Although there have been claims that emotion perception problems are specific to certain emotions such as sadness, anger and fear in both healthy aging [1] and AD [4] , it is also possible that response biases in choosing emotion labels might influence the pattern of results found [5] . The majority of studies looking at age or AD effects on emotion perception use photographs of facial expressions of emotion. It is important to understand whether the pattern of problems found also translates to other modalities such as bodily gestures and motion. In the current study we explore the effects of aging and AD on decoding emotions from bodily motion, looking at both the quantity and nature of errors made.
Emotion perception studies have focused on facial expressions. However, other nonverbal sources of cues to emotion are also conveyed through body movements [6] . Decoding cues from the body is also thought to aide effective social interaction [7] . The ability to perceive bodily motion is typically investigated using point light animation, in which the only visible elements are points located at body joints. Point light stimuli reduce or eliminate visual information about the static form of the body and the face, leaving intact motion information. Despite the impoverished visual information in point light stimuli, observers can recognize human actions such as walking and dancing [8] and the emotional status of others [9, 10] .
Normal aging impairs the ability to detect emotional information from point light displays of bodily motion. Ruffman et al. (2009) asked older and younger participants to watch videos depicting bodily expressions of emotions. Older adults were significantly worse than young at decoding anger and sadness (but not disgust, fear or happiness), consistent with the age differences in facial emotion perception [1, 5, 12] . Insch et al. (2012) explored age-related differences in decoding both emotional and non-emotional point light stimuli (actions). Older adults performed more poorly than the young on both tasks, suggesting more general difficulties in motion perception [14, 15] . Due to the small number of stimuli for each emotion, Insch et al. did not analyze age differences for the individual emotion labels.
There is substantial evidence that AD impairs facial emotion perception, though there is disagreement on the extent to which AD may differentially affect the ability to label specific facial emotions. Some studies indicate impairments in labeling sad, angry and fearful facial expressions, and a relative sparing of the ability to label disgusted faces [4] , or happy faces [16] . However, a meta-analysis [2] indicated that AD-related impairment in labeling emotions were general rather than specific. No studies to date have looked specifically at the effects of AD on the ability to decode emotional information from point light bodily displays.
Processing of visual motion is known to be impaired in AD [17] . People with AD perform worse than age-matched controls at identifying actions from bodily motion, and this might be related to changing frontal-cingulate networks in AD [18] . There is also evidence that people with AD are impaired at processing affective information from videos of body movements [19] , particularly sadness. Henry et al. (2012) explored the ability to decode actions and emotions from point light figures in a group of participants with dementia and healthy aging controls. Dementia subtyping information was not available in their participants, so the dementia group likely included those with AD, frontotemporal dementia and vascular dementias. Henry et al. (2012) found that people with dementia performed worse at decoding both emotions and actions from point light bodily stimuli compared to controls. People with dementia performed worse at recognizing all exemplars of emotions (anger, fear, sadness and happiness), but disgust was not included amongst the stimuli and this is the emotion which has often been relatively robust to dementia effects on face emotion perception [4] .
Therefore, limited research has investigated the ability to decode basic emotions from point light depictions of biological motion in healthy aging and AD. Furthermore, none of these studies have analyzed the pattern of errors that participants make on the tasks or corrected for potential response biases to specific emotions. In emotion perception tasks participants are usually required to choose an emotion label from a list. There may be a risk that a participant favors one label more than others. If a label is given more frequently (e.g. disgust) then this may increase the level of accuracy in identifying that emotion by chance [5] . For example if a participant said disgust for each trial they would score 100% accuracy for disgust recognition because of a labeling bias and not because of an ability to recognize disgust better than other emotions. For facial emotions, there is evidence that apparent age-related stability in labeling some emotions may in fact reflect response biases [5] .
The aims of the current research were therefore to explore how healthy aging (Study 1), and AD (Study 2) impact on the ability to accurately decode information about sadness, happiness, fear, anger and disgust from point light cues to bodily motion. Few studies have looked at both healthy aging and AD effects on emotion perception using exactly the same methods, and the current study will improve understanding of whether any AD effects are qualitatively different to those seen in normal aging. Of particular interest was the pattern of age and AD effects in labeling specific emotions. A non-emotional action identification task was also used to investigate whether group effects were specific to identifying emotions. We also explored the error patterns and carried out analyses to control for response biases.
Study 1: Effects of Aging on Perceiving Emotions from Biological Motion.
Study 1 addresses the effects of healthy aging on perception of biological motion, older adults are less accurate at labeling emotions from point light figures of body motion than younger adults [3] , particularly anger and sadness [11] . Our first prediction for this study was therefore that age-related impairments would be greatest for sadness and anger, and smaller for disgust and happiness. Following results from facial expression tasks, it was also predicted that older adults might be biased to choose the disgust label, and that correcting for this would result in age differences being found in identifying all emotions.
Materials and methods

Participants
Two groups of participants were recruited: 40 young adults (11 male) aged from 18 to 40 years (M = 20.90 years, SD = 4.20 years), all of whom were undergraduate psychology students who took part for course credit, and 45 older adults (12 male) aged from 63 to 87 years (M = 72.80 years, SD = 5.95 years), who were volunteers from the University of Aberdeen participant panel and reimbursed for their time. All participants were native English speakers and did not report previous or current neuropsychological disorders. All participants had normal or corrected to normal near and distance vision; those who required corrective lenses wore them during the experiment. No significant difference in gender ratio was found between the age groups, χ 2 (1) = 0.007, p = 0.93. The age groups differed in years of education, t (84) = 4.37, p < 0.001, d = 0.97 (young M = 14.75 years, SD = 1.17; old M = 12.82 years, SD = 2.56).
Stimuli and procedure
The biological motion films [9] (see http://community.dur.ac.uk/a.p.atkinson/Welcome.html for examples) were presented to the participants at a viewing distance of approximately 45 cm on a 17" screen. Each clip lasted for 3 seconds. The actor started from a neutral standing position, then after portraying the action or emotion the point light figure returned to a neutral standing position and remained on the screen until the participant had made their choice. In the action block participants viewed 30 point light videos depicting one of five actions (bend, dig, hop, jump and walk); six different versions of each action were presented. There were also 30 trials for the emotion block; five emotions were included (anger, disgust, fear, happiness, sadness) with six exemplars of each. The presentation order of the action and emotion blocks was counterbalanced. The trials within each block were presented in the same randomized order to each participant. At the end of each video participants said aloud what action or emotion they thought was being depicted in the trial choosing from a list of five possible actions or emotions.
The dependent variable was the number of actions or emotions reported correctly (max = 30); these scores were converted to percentage accuracy for each block. Frequencies of errors were calculated for the emotion block by logging each incorrect label given in error. Response bias was controlled for using kappa scores as a measure of accuracy adjusted to account for response biases [5, 21] . This kappa analysis involves calculating the number of times a participant correctly identified the emotion (correct responses) and also the number of times the participant refrained from using that emotion label incorrectly (correct rejections). An adjustment was then made for the number of times that an emotion label may occur as a result of chance alone. A kappa (K) score was calculated for each emotion for each participant. The formula is K = (total number of correct responses and correct rejections − total number of responses expected by chance)/(total number of stimuli − number of responses expected by chance). The resulting kappa scores can be from 0 (performance at chance level) to 1 (all responses were either correct responses or correct rejections).
Results
A 2 (task: action and emotion) × 2 (age: young and older) between subjects ANOVA was conducted. There was a main effect of task, F (1, 83) = 742.95, p < 0.001, η p 2 = 0.90 with the action task (M = 97.02) showing higher levels of accuracy than the emotions task (M = 59.01). There was also a main effect of age, F (1, 83) = 44.14, p < 0.001, η p 2 = 0.35 with younger adults (M = 83.15) scoring higher than the older adults (M = 73.45). Finally the interaction between age and task was also significant F (1, 84) = 30.49, p < 0.001, η p 2 A 2 (age category: young and old) by 5 (emotion label: anger, disgust, fear, happiness and sadness) mixed design ANOVA was conducted on the emotion trials, to determine if age differences were apparent for specific emotions. A main effect of emotion label was revealed, F (4, 332) = 109.23, p < 0.001, η = .27. An independent samples t-test revealed that there were no significant age differences on the action block, t (83) = 1.96 p = 0.09, with younger (M = 98.13) and older adults (M = 96.03) scoring comparably. There were significant age differences on the emotion block of the task, t (83) = 6.54, p < 0.001, with older adults (M = 50.87) less accurate than younger adults (M = 68.17). Table 1 = 0.09. Independent samples t-tests (see ) revealed that older adults were significantly worse than younger participants when decoding anger, sadness and fear portrayed in the point light stimuli. There were no significant differences between groups for disgust or happiness. In order to determine if the labels given erroneously in the emotion task varied by age a 2 (age: young and old) by 5 (emotion: anger, disgust, fear, happiness and sadness) mixed design ANOVA was performed (see Table 2 for descriptive statistics). A main effect of emotion label was found, F (4,332) = 28.40, p < 0.001, ηp 2 = 0.25, with sadness being most likely (M = 3.47) and happiness (M = 1.11) being the least likely to be used as a label in error. There was also a main effect of age, F (1, 83) = 45.73, p < 0.001, η p 2 = 0.35, with older adults making higher levels of errors (M = 2.92) than the younger group (M = 1.89). The interaction between emotion label and age category was also significant, F (4, 332) = 4.99, p = < 0.001, η p 2 Table 2 = 0.06. Independent sample t-tests were used to explore the interaction (see ); older adults used the emotion labels anger, disgust, fear and happiness significantly more often than the younger group. There was no significant age difference for the emotion label of sadness. 
Controlling for Response Biases in Healthy Aging
Kappa scores were calculated (see section 2.12) to control for potential response biases. Age differences in these unbiased indicators of emotion perception performance were analyzed in a 2 (age: Table 3 = 0.06. Independent samples t tests revealed that older adults were now significantly less accurate for all emotions with the greatest age effects being shown for anger, fear and sadness respectively (See ). 
Discussion
Results of study one showed that older adults performed comparably to the younger group in decoding actions from biological motion but were less accurate when decoding emotions. However, it should be noted that there were ceiling effects present in the action task data requiring care to be taken when interpreting these results. Older adults were significantly worse than young at labeling anger, sadness and fear from the emotional point light displays, in common with previous studies looking at both facial and bodily expressions of emotion [1, 11] . The conclusion which would generally be drawn from this data is therefore that older adults show a specific difficulty in labeling some emotions (anger, sadness, fear), but preserved ability to label others (happiness, disgust). However, when the data were corrected for potential response biases in emotion labeling (kappa scores), older adults were less accurate for all five of the emotions. This indicates that previous results identifying that only specific emotions such as anger, and sadness were subject to greater age effects might partly reflect response biases. Therefore caution should be used when interpreting emotion labeling tasks, as performance may reflect response biases in the choice of emotion labels. The largest age effects were still seen for sadness, anger and fear respectively, even when response biases were controlled for.
Study Two: Effects of Alzheimer's disease on perceiving emotions from biological motion.
Previous research has suggested that those with AD have even greater difficulties in recognizing emotions from facial expressions than healthy older adults [2] . As noted above, only one study to date has investigated the effects of dementia on the ability to decode emotion from point light displays, finding that patients with mixed dementia etiology had greater difficulties with this task than healthy controls [20] . However, the dementia group in this study were not separated by sub-type, and therefore would be likely to include people with vascular or frontotemporal dementia as well as people with Alzheimer's disease (AD). Given that frontotemporal dementia is known to have particularly large effects on social and emotional processing [22] , it is important to look specifically at the effects of AD on the ability to distinguish emotions from point light displays.
The first aim of the current study was to explore how AD impacts on the ability to decode emotional and action cues from biological motion. Second, the current study aimed to investigate whether AD caused specific problems in labeling individual emotions (particularly sadness and fear) compared to others (particularly disgust and happiness). Finally this study was the first to explore possible biases in choosing emotion labels for biological motion stimuli in AD, and investigate how correction for them influences the pattern of performance.
Materials and method
Participants
The healthy aging group volunteers were recruited from the University of Aberdeen participant panel and reimbursed for their time. The AD individuals were recruited from three sources: 1) the Department of Old Age Psychiatry at Royal Cornhill Hospital, Aberdeen, 2) local Alzheimer Scotland groups, and 3) registered volunteers from the Scottish Dementia Clinical Research Network. All met the diagnostic criteria for "probable" AD as established by the National Institute of Neurological and Communicative Disorders and Stroke and the AD and Related Disorders Association working group [23] , as diagnosed by a psychiatrist. AD participants had Mini-Mental State Examination (MMSE) [24] scores of 16-26, falling in the mild to moderate stage of the disease and had capacity to consent. The MMSE scores for the healthy aging group ranged from 28-30. Exclusion criteria (based on self-report) for both groups included severe sensory impairment, Epilepsy, learning disability as classified by ICD10 and alcohol/drug dependency. Those in the healthy aging group were excluded if their MMSE score was below 26 or had a self-reported history of psychiatric conditions or depression. All patients with Alzheimer's Disease were taking prescribed medications including cholinesterase inhibitors and pain relief such as paracetamol. 15 healthy controls (8 females) and 15 people with AD (8 females) completed all of the biological motion tasks. The groups did not differ significantly in gender χ The same biological motion tasks administered in study one were also presented in study two. Table 4 . Mean frequency scores for control and AD groups' accuracy on the biological motion emotion recognition task. Max score = 6.
Results
= 0.08. Independent samples t-tests revealed that the AD group was significantly poorer than the control group at recognizing the emotions anger, fear and sadness (see Table 4 ). The frequency of types of emotion errors made was also explored using a 2 (group: control and AD) by 5 (emotion label error: anger, disgust, fear, happiness and sadness) mixed design ANOVA (see Table 5 The group category x emotion label error interaction was not significant, F (4, 112) = 0.36, p =0.84, suggesting that the types of label given in error were not influenced by group membership. = 0.56, with the AD group making more errors overall (M = 3.43) than the control group (M = 2.36). 
Control
Controlling for Response Biases in AD
Descriptive and inferential statistics for kappa scores (see section 2.12) are shown in Table 6 . Kappa scores reflect a measure of accuracy that corrects for potential response biases and were analyzed using a 2 (group: control and AD) by 5 (emotion: anger, disgust, fear, happiness and sadness) mixed design ANOVA. The main effect of emotion was significant, F (4, 112) = 21.04, p < 0.001, Table 6 . Mean frequency kappa scores (controlling emotion recognition for response bias) for control and AD groups in each category of the biological motion emotion recognition task.
= 0.56, with the control group being overall more accurate. The interaction between emotion label and group was not significant, F (4, 112) =0.75, p = 0.60, indicating no differential impairment in identifying specific emotions once response biases were considered.
Discussion
Compared to controls, those with AD performed worse on the emotion but not the action block of the point light task. This finding contrasts with results from other neurodegenerative patient populations which indicate declines for both instrumental actions and emotion recognition [25] . The group with AD was significantly less accurate than the controls when identifying anger, sadness and fear from point light displays. This supports previous reports on identifying facial expressions of emotion which indicate that AD is most likely to cause impairment in labeling sadness and fear, with relative sparing of disgust and happiness [4, 16] . In contrast to the current research, Henry et al., (2012) found no specific effect of dementia on labeling particular emotions from biological motion stimuli. However the Henry et al. study included participants with a range of different types of dementia, in contrast to the specific AD sample described here. In the current study we explored labeling errors, and the groups did not differ in the frequency with which emotion specific labels were given in error. When potential response biases across all emotions were corrected by calculating kappa scores, the group with AD was revealed to be worse at emotion recognition overall with deficits generalizing to all emotions rather than just anger, sadness and fear as indicated in the initial analysis of accuracy.
General Discussion
Body movements are a rich source of social cues, and the evidence from the current studies indicates that both healthy aging and AD cause problems in interpreting emotion from point light displays. Compared to young adults, older people had problems in labeling angry, fearful and sad, expressions from bodily movements (Study 1). Compared to healthy older people, those with AD had even more difficulty in labeling bodily expressions of those same emotions (Study 2). This suggests that although AD results in substantial quantitative impairments in recognizing emotions from bodily motion, there is not a qualitative difference in the effects of adult aging and AD. Forced-choice labeling tasks are the most common method of assessing emotion recognition skills. However, these tasks may be subject to response biases, and those were also investigated here. Statistical control of response biases through kappa scores revealed that both healthy older adults (Study 1) and people with AD (Study 2) had difficulties in recognizing all emotions from body movements. The analysis of kappa scores indicated a difference in response patterns to bodily expressed emotions in aging and AD. While in Study 1 there was an interaction between age group and emotion label, reflecting a stronger effect of age on anger, fear and sadness; there was no such interaction in Study 2, suggesting similar effects of AD in identifying all emotions. Interpreting the specificity of impairments in labeling emotions in aging or dementia should be carried out in the context of possible response biases. Without this information, apparent differences in accuracy of labeling specific emotion may in fact reflect a bias to choose some emotion labels more often than others.
Current results indicate fairly widespread problems in emotion perception in normal aging and AD. These impairments could be caused by changes in key brain networks. Ruffman et al. (2008) propose that age changes in emotion perception, including from body movement, may reflect decline in emotion-related frontal-subcortical brain networks. While AD is predominantly seen as a disorder of memory, related initially to changes in entorhinal cortex and the hippocampus, there is also evidence that AD causes atrophy observable in the orbitofrontal cortex [26] , the cingulate cortex [27] and the amygdala [28] . Therefore the problems that participants with AD showed in decoding biological motion in the current study might reflect deterioration in the frontal-subcortical networks important in emotion processing. Indeed, previous evidence indicates a link between reduced function in key frontal lobe regions and poorer facial emotion perception in AD [29] .
It is also possible that other neurocognitive mechanisms might underlie the effects of aging and AD on decoding emotions from biological motion. Henry et al. (2012) showed that, in a group of patients with MCI and mixed forms of dementia, there was a substantial correlation between semantic memory performance and the ability to decode action and emotion from point light displays. They argue that the ability to access semantic information about motion might be important in correctly classifying bodily motion. Also, there is likely a role for executive functions in the type of decision-making involved in emotion labeling tasks. Phillips et al. (2010) report a significant correlation between executive function and facial emotion perception in a group of participants with AD. Detailed measurement of cognitive function was not available in the current participants, but it would be useful in future research to gather more information on key cognitive domains (e.g. semantic memory, executive function, visual perception) as well as neuroimaging data to help understand better the mechanisms which might underlie the effects of AD on decoding emotional information from bodily motion.
Results showed that aging and AD did not influence ability to label simple actions from biological motion cues. However, it is important to note that there were ceiling effects in participants' data for the action block. Using a different task, Henry et al. (2012) found dementia-related impairments of similar magnitude in identifying action and emotions from point light stimuli. It would be useful in future AD research to use an action identification task which varied more in difficulty by manipulating factors such as inversion and visual noise [15] . Another limitation of the present research is that we have a relatively small sample of participants with AD, but the number is comparable to other studies looking at effects of AD on emotion perception [30] [31] [32] [33] .
Problems in perceiving nonverbal cues to emotions may have social implications for older adults, and those with AD. The ability to understand dynamic cues from gestures and body movements is an important factor in understanding and reacting appropriately to other people. Understanding facial expressions of emotion relates to quality of life in healthy older adults and those with AD, independent of cognitive decline and mood [3] . We did not assess quality of life or social function in the current sample, but evidence from other neurological samples indicates that problems with multimodal emotion perception related to poor social interaction skills in brain injury [34] and reduced social participation following stroke [35] . Further research to explore the links between different aspects of emotion perception and social functioning in aging and dementia is needed.
Conclusion
In sum, decoding emotional cues from biological motion was impaired in aging, and further impaired in AD. When biases in labeling were corrected older adults were significantly less accurate than younger adults for all emotions, with particular difficulty in identifying anger, fear and sadness. People with AD made more errors overall but did not differ significantly from controls in the pattern of errors made. Future research should investigate aging and AD effects on a wide range of depictions of emotions from different modalities, exploring the issue of response biases. Table 1 
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